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ical device comprising of four individually calibrated elements
attached onto foot-worn platforms and capable of unloading
the diseased articular surface in knee osteoarthritis (OA) dur-
ing standing and walking, simultaneously training neuromuscular
control by controlled biomechanical perturbations.
The purpose of this study was to examine the effectiveness of
APOS system in reducing pain and improving function in knee
OA patients one year following the original study.
Methods: Patients: A Total of 37 patients out of 58 patients
from the original study volunteered to continue the follow-up for
additional 12 month (23 patients from the original study active
group and 14 patients from the original study control group, who
started active treatment at original study endpoint). Patients were
followed from October 2005 to January 2007.
Interventions: Patients continued the treatment with the de-
vice that had been individually calibrated to accommodate a
diminished-pain joint alignment.
The patients were assessed during the follow up study at 6
month and 12 month after the original study ended. Primary
outcome measures were the WOMAC index and the Aggregated
Locomotor Function (ALF) assessment.
Results: At 12 months, the active group maintained signiﬁcant
pain relief and improved function similar to the active group
results at the end of the original study which showed a decrease
of 3.68 on the WOMAC scale (P<0.001), representing a mean
improvement of 66.8%, and a decrease of 14 on the ALF scale
(P<0.001), representing a mean improvement of 37.4%.
Conclusions: The ﬁndings demonstrate that APOS system is ef-
fective and signiﬁcantly reduce pain and improve function among
knee OA patients.
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Purpose: In the present study peri-articular bone changes in
two experimentally induced canine models of osteoarthritis (OA)
are evaluated. Wheras the anterior cruciate ligament transaction
(ACLT) model depends on permanent joint instability to induce
features of OA, the Groove model depends on surgically applied
femoral cartilage damage accompanied by transient intermittent
intensiﬁed loading of the affected joint. Importantly, the tibial
plateau is surgically untouched. In both models degenerative
cartilage changes are progressive over time, very similar, and
mimic human features of OA. In the Groove model, in contrast to
the ACLT model, synovial inﬂammation is minimal and diminishes
over time. In both models cartilage degeneration has extensively
been studied by use of histochemistry and biochemical parame-
ters of proteoglycan turnover. In the present study the changes
in peri-articular bone in these two canine models of OA have
been evaluated using micro-CT.
Methods: 20 weeks post surgery (bilateral OA induction), tibial
plateaus were evaluated (n=6 animals for both models) and
compared to those of sham-operated dogs (n=6). The tibial
plateau was chosen because the tibial cartilage surface was
unaffected during surgery in the Groove model. Cartilage was
analyzed and architecture of subchondral plate and trabecular
(epiphysial) bone as well as of metaphysial bone was quantiﬁed
using micro-CT.
Results: Cartilage macroscopy, histology and biochemical anal-
ysis demonstrated the signiﬁcant characteristic features of os-
teoarthritis for both the ACLT and Groove model not statistically
signiﬁcantly different between both models. Trabecular bone vol-
ume fraction (BV/TV) decreased -6% for the Groove (ns) and
-31% (p<0.05) for the ACLT model and trabecular thickness
(TbTh) showed a decrease of -5% for the Groove (ns) and -25%
(p<0.05) for the ACLT model. Also structure model index (SMI)
and connectivity density (CD) showed an increase for the ACLT
model (p<0.05) but not in the Groove model (ns). In contrast to
the difference between both models for these trabecular param-
eters, the subchondral plate thickness reduced for both models
statistically signiﬁcantly (-27% and -46% for the Groove and ACLT
model; both p<0.05). Interestingly, in the ACLT model structural
changes in the subchondral trabecular bone were found to be
very similar in the methaphysis at a signiﬁcant distance from the
joint, suggesting disuse of the extremity due to the induction of
OA. This was not observed for the Groove model.
Conclusions: While osteoarthritic features in cartilage were
equal for the Groove and ACLT model as was the decrease
in subchondral plate thickness. Peri-articular trabecular bone
changes were statistically signiﬁcantly more outspoken in the
ACLT model and observed concomitantly with similar trabecular
bone changes further away from the joint suggesting unloading of
the affected joint. This demonstrates that the interaction between
cartilage and bone in the process of OA can be differentially
regulated, depending on the cause of OA (in this study the type
of model used), and that disuse induced bone changes should
be taken into account when evaluating OA related bone changes.
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Purpose: To study mechanical stress on a new model of os-
teoblast compression in their own-produced collagen matrix
Methods: Primary calvaria osteoblasts were isolated from new
born mice and cultured for 28 days in monolayer. At the end
of this period, osteoblasts were embedded in their abundant
and newly synthesized collagen matrix. This collagen membrane
containing osteoblasts was then submitted to compression in Bio-
press Flexercell plates (6 to 10% compression at 1Hz frequency)
during 1 to 8 h. The expression of 20 genes was investigated
by real time RT-PCR. Interleukin (IL)-6, matrix metalloproteinase
(MMP)-3 and prostaglandin (PG)E2 were assayed in the culture
medium by immunoassays
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Results: Mechanical stress highly increased IL-6 (36.2-fold) and
COX-2 (6.6-fold) mRNA levels in osteoblasts. In parallel, in-
creased amount of IL-6 (36.4-fold) and PGE2 (35.6-fold) were
found in the supernatant of loaded osteoblasts. This stimulation
reached a maximum after 4 h of 10% compression, and was
4-fold more important than after a 6% compression. Inductible
nitric oxide synthase (iNOS, 11.6-fold), MMP-2 (1.95-fold), MMP-
3 (1.98-fold), MMP-13 (1.49-fold), FOSB (4.1-fold), and vascular
endothelial growth factor (VEGF, 3.1-fold) mRNA levels were
also increased by compressive stress, while osteoprotegerin
(OPG, 0.69-fold) and 15-hydroxyprostaglandin-dehydrogenase
(15PGDH, 0.55-fold) were signiﬁcantly decreased COX-1, mi-
crosomial prostaglandin E synthase-1 (mPGES1), mPGES2,
cPGES, COL1A1, osteocalcin, osteopontin and RUNX2 mRNA
levels were unmodiﬁed
Conclusions: These results demonstrate that IL-6 is a highly
mechano-inductible gene in osteoblasts and suggest that IL-6
could be a key mediator of the mechanically-controlled bone
remodelling
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Purpose: Aseptic osteolytic necrosis is the major cause of fail-
ure of joint arthroplasty. Over time different size particles are
generated from the wear and tear of the ultra high molecular
weight polyethylene (UHMWPE) implant. These micron-size par-
ticles are responsible for the initiation of the aseptic inﬂammatory
response. The molecular mechanisms underlying the immune
recognition of UHMWPE responsible for the subsequent inﬂam-
mation are still unknown. Because dendritic cells (DCs) are the
sentinels of the immune system and are poised to recognize
foreign material, we have examined the hypothesis that these
cells can trigger inﬂammation and promote bone resorption in
responses to wear debris particles.
Methods: DCs were prepared from bone marrow stem cells
of C57-Bl6 mice and from human peripheral blood monocytes.
UHMWPE particles were either purchased from Sigma or iso-
lated as wear debris particles directly from human tissues re-
covered from peri-prosthetic regions at the time of joint revision
surgery. After culture with particles for various time periods cells
were analyzed using FACS, immunohistochemistry, and electron
microscopy.
Results: Immunohistochemical stains demonstrated an abun-
dance of macrophages and DCs along with wear debris particles
in peri-prosthetic tissues recovered at the time of joint revision
surgery. Micron and submicron UHMWPE particles were read-
ily ingested by DCs and incorporated into lysosomal vacuoles.
Fully differentiated mouse and human DCs responded to both
UHMWPE and wear debris particles from patient tissues with ex-
pression of maturation markers (CD40, CD 80, CD86, and MHC
class II antigens) as well as up-regulation of receptor activator
of nuclear factor kappa-B (RANK) and expression of Type 5b
Osteoclast Derived Tartrate-Resistant Acid Phosphatase (TRAP
5b). Furthermore DCs stimulated by UHMWPE rapidly resorbed
the matrix material from hydroxyapatite discs.
Conclusions: These studies demonstrate that DCs respond to
both commercial UHMWPE and authentic wear debris particles
with maturation and differentiation into cells with the capability
to increase bone osteolysis. Our studies are presently directed
toward identifying how such particles are recognized by DCs
and understanding the signaling pathways that are involved
in stimulating these cells to differentiate into bone resorbing
cells.
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Purpose: While mechanical loading has the potential to induce
bone formation and resorption, the mechanisms underlying this
adaptation are less clear. The objective of this study was to
examine the molecular changes induced by compressive loads
of various magnitudes in calvarial osteoblasts, using an in vitro
model system.
Methods: Scaffold: 15% PCL ﬁbers with average 10 µm in
diameter and a porosity of approximately 90% were fabricated
by electrospinning. Cylinders were punched out of a 3.0 mm
thick PCL mesh using a 6.0 mm biopsy punch.
Cell culture: Calvarial osteoblasts harvested from 3-day-old
Sprague Dawley rats were cultured in DMEM with 10% FBS,
1% pen/strep, 0.5% amphotericin, and 1% L-glutamine. 200,000
cells were seeded in each scaffold and cultured for 4 weeks.
Following 4 weeks, cells were subjected to compressive load.
Prior to compressive loading, cells were phenotyped to conﬁrm
gene expression for osteoblastic markers.
Compression: Scaffold/cell constructs were exposed to dynamic
compressive forces at a magnitude of 10% or 20% at a rate of
0.5 Hz for 4 h.
End-point PCR: For phenotyping, the gene expression for os-
teocalcin and alkaline phosphatase was performed by end-point
RT-PCR.
Real-time PCR: To analyze the effects of dynamic compressive
forces on osteoblasts, the gene expression for osteocalcin, os-
teopontin, osteonectin, and alkaline phosphatase was analyzed
by real-time PCR.
Western Blot Analysis: Synthesis of osteopontin and osteonectin
proteins was studied by extraction of total proteins from cells and
Western blot analysis.
Statistics: All experiments were performed three times and an-
alyzed in duplicates. For statistical analysis, ANOVA and T-test
were performed.
Results: The scaffold/cell constructs showed considerable depo-
sition of extracellular matrix at 4 weeks (Fig. 1), increased com-
pressive Young’s moduli, and greater viscoelastic properties in
contrast to acellular scaffolds. Cells cultured in the scaffolds for 4
weeks expressed osteocalcin and alkaline phosphatase conﬁrm-
ing that osteoblastic phenotype was maintained in the scaffolds.
Compressive loading at 10% (∼11.80 kPa) strain caused a signif-
icant upregulation of mRNA expression of differentiation markers
(osteocalcin, alkaline phosphatase), whereas compressive loads
at 20% (∼30.96 kPa) did not signiﬁcantly increase these markers
above those found in control uncompressed cells. Furthermore,
compression at 10% strain induced a signiﬁcant upregulation of
bone matrix proteins (osteopontin and osteonectin). In contrast,
Figure 1. SEM pictures of a cell/scaffold construct at 4 weeks. (A) surface, and
(B) internal structure of the scaffold.
